Digital radiography (DR) is replacing screen-film (SF} radiography for musculoskeletal examinations in our institution. After an iterative process of image quality improvement, our DR images are now preferred to SF images, and we have detailed our current optimized settings for the Fuji 9000 (Fuji Medical Systems, Tokyo, Japan). DR offers the advantages of improved contrast resolution, adjustable image contrast, the ability to reprocess the image, and the ease of transferring the image to ah image management and communication system (IMAC}. Copyright 9 1995by W.B. Saunders Company KEY WORDS: musculoskeletal digital radiography.
D
IGITAL RADIOGRAPHY (DR) of the musculoskeletal system is generally considered an adequate substitute for conventional screen-film (SF) radiography and has been widely used in the medical diagnostic imaging system (MDIS) program and elsewhere. 1 Concern has been expressed regarding whether the resolution is adequate for all purposes with particular concern expressed regarding its use in the detection of subtle fractures and the subperiosteal resorption of hyperparathyroidism. [2] [3] [4] Previous studies have relied on image-processing parameter settings producing a film-screenlike image. 2,s Our initial experience in evaluating digital radiography systems showed to our satisfaction that the recommendations for image processing provided by the manufacturers of such devices did not always result in an optimal image for interpretation. We have found that the Fuji 9000 performs far better with the manufacturer's recommended settings than did our AC-1 and have found only minor deviations from their recommendations to our current practice. We have reported previously on methods of image optimization for musculoskeletal digital radiography 6-8 and in this article will be giving examples of our current practice. AIthough others 2,3 have used film-like images without contrast enhancement, we find that subtle ffactures can lie in regions of low contrast and that contrast enhancement is indeed of benefit in selected cases. Such low-contrast areas occur where a ffacture is to be traced through abone (rather than on its surface) or when avulsion fragments are very small and, therefore, are not very radiodense.
Our group considers digital radiography of the musculoskeletal system superior to conventional radiography because it provides better conspicuity of abnormalities, equivalent resolution to the screen-¡ system we had been using, advantages in providing a variable latitude of contrast and the capability of image reprocessing from the same original data set. We have almost completely replaced conventional radiography with digital radiography in the hospital and emergency department, and we plan to replace conventional screen-film radiography with digital radiography in our outpatient unit within ayear. Although it is still possible to obtain higher-resolution images on screen-¡ systems with higher exposures than we normally use, for the exposure level we use in our lO0-speed system, we consider the image quality of DR superior.
ASSURING THE QUALITY IMAGE
Achieving high-quality images with a DR system involves more than simply replacing SF with DR. There are important differences in the two systems that require special training of technologists using the system. Choice of the smallest possible imaging plate and the appropriate use of high-resolution imaging plates is essential ir high-quality images are to result. Proper exposure and the proper use of collimation are essential.
The image-processing algorithms must be adjusted to provide maximal information. We have previously described the optimization pro- This lists the Fuji recommended image-processing settings and the Georgetown optirnized image-processing settings for examinafions of the musculoskeletal system. The settings are optimized for the Fuji 9000. cedure that we follow. 4-6 Briefly, we initially obtain images on both SF and DR systems in matched pairs. The DR images are processed by a series of carefully chosen parameter settings to produce multiple images from each data set. A team of two of three radiologists then reviews the images grouped by anatomic region. Records are kept of preferences and also of those algorithms that provided full information versus those that conceal information. The process is repeated until image quality for each body part is considered relatively well optimized. Table 1 indicates our current recommendations for image processing on the Fuji 9000 based on approximately 10,000 spine and extremity images obtained on the Fuji 9000 and 5000 images from the AC-1. Optimal parameter settings for the Fuji 9000 are not directly transferable to the AC-1. The differences between the AC-1 and Fuji 9000 settings result (we believe) from the improved signal to noise ratio in the Fuji 9000 and the improved laser printer used with it. Our optimized settings differ only slightly from those recommended by the manufacturer. On the AC-l, we had more differences with the manufacturer's recommendation. We believe the difference is caused by the higher contrast seen on the LP414N laser imager (Fuji) supplied with our Fuji 9000.
ADVANTAGES OF DR OF THE MUSCULOSKELETAL SYSTEM
Based on our experience, we consider the main advantages of DR of the musculoskeletal system to be high resolution, an adjustable range of contrast and brightness, the ability to reprocess image to obtain additional information, and the use of DR as an entry point into an image management and communication system (IMAC).
RESOLUTION
Achieving adequate resolution depends on the use of imaging plates of the correct size and the use of the high resolution imaging plates for all hands, wrists, elbows, ankles, and feet. The high-resolution imaging plates provide approxi- surrounding metal appliances can be much decreased by changing the kernel size used for unsharp masking, in this case reducing it from a (frequency) rank number (RN) of 5 to a RN of 8.
ADJUSTING RANGE OF CONTRAST
Adjusting the range of contrast can improve the visibility of structures. Certain radiographic views such as true lateral views of the hip, base of skull views, zygomatic arch views, and nasal bone views can be quite difficult to obtain because of the variability of densities present in the final image. Adjusting the range of contrast or obtaining two different imaging-processing settings can improve the visibility of structures. Figure 5 , A and B, show better than usual visualization of this intertrochanteric fracture on the true lateral view of the hip. This results from the relatively low-contrast image resulting from the higher latitude value of the image.
REPROCESSING OF IMAGES TO OBTAIN ADDITIONAL INFORMATION
Sometimes a radiographic image will suggest that an additional finding or disease may be mately 4.5 lp/mm of high-contrast resolution. Figures 1 and 2 show the high resolution achievable.
USE OF DR WlTH IMAGE REPROCESSING TO PROVIDE A MORE OPTIMAL IMAGE
In some cases, the initial image processing is not optimat because of differences in patient size or shape compared with the standard for which the algorithm settings were selected. In these instances, repeat radiographs can often be avoided by reprocessing the digital information. Figure 3 , A and B, show the ability of image reproeessing to better demonstrate the posterior elements of the spine in a patient with spondylolysis and spondylolisthesis. Figure 4 , A and B, show that the artifact present. In these cases, additional image processing may allow improved diagnosis to be made because of the additional information.
In Figure 6 , this reprocessed image shows that there is displacement of the sixth cervical vertebra on the seventh. Reprocessing the image showed the bone margins more clearly and showed a small plug of methacrylate that had been used to fill in a gap around the screw and had pulled out of the bone along with the screw. CONCLUSION Digital radiography properly optimized and properly used provides better image quality than conventional screen-film radiography. It provides sufficient resolution, high consistency of image quality, and the ability to reprocess images for better visualization of information. We are proceeding with our plans to completely replace conventiona[ screen-film radiography with digital radiography. We will be entering all of these images into our IMAC system.
